Objective: To review work-related crushing injuries leading to amputation of digits, hands and forearms, by focusing on patients' demographics, and clinical outcomes. Design: Retrospective descriptive study. Setting: Regional hospital, Hong Kong. Patients: Patients with work-related crushing injuries causing amputation of digits, hands or forearms admitted to hospital for treatment from January 2003 to August 2005. Methods: Patients' age, sex, past medical history, occupations, context of injuries including injuring objects and levels of amputation were studied. During a 9-month follow up period, patients' need for urgent operation, length of hospital stay, duration of sick leave and change of occupational status were analysed. Results: Eighty-eight patients were studied. The age distribution ranged from 19 to 81 years, with 50% being less than 40 years of age. Most patients (93%) were healthy adult before the injury. Industries frequently involved were construction (24%), manufacturing (17%) and transportation (14%). Machineries and metallic tools were the most common injuring objects. Eighty-four percent of the amputation injuries involved the finger(s), and 13% the thumb. Most patients (91%) required urgent operation. The mean length of hospital stay was 4 days. The mean duration of sick leave was 152 days. The estimated wage loss was around HK$145,000 per accident. Only 42% of the patients could fully resume working without job restriction. Conclusion: Traumatic amputation as a severe work-related injury is common in Hong Kong. It frequently affects the young and healthy workforce, resulting in devastating physical and psychological disabilities. The clinical, social and economical significances are enormous and far-reaching. (Hong Kong j.emerg.med.
Introduction
As emergency physicians, we have to deal with cases of severe crushing injuries of the upper limbs resulting in amputation of digits, hands or forearms. Angermann reported that 26% of hand injuries were occupational.
Upper extremity injuries can result in severe disability and multiple visits for medical care. They often affect people of the working age and have a great impact on society because of loss of productivity. 2 Some studies also addressed the psychological trauma of patients after amputation. 3 The incidence of industrial accidents in Hong Kong has declined noticeably as the Labour Department stepped up its enforcement action, promotional and educational activities in the past decade. The total industrial accident rate in Hong Kong has been falling from 52.9 per 1000 workers in 1993 to 31.3 per 1000 workers in 2003 4 and was comparable to figures in other developed countries (47 accidents per 1000 workers in the US). 5 However, the number of limb injuries caused by trapping in or between objects was actually rising from 773 in 2002 to 946 in 2003. 4 The upper limb, especially hand, has been shown to be the most frequently affected body part. Injuries of the upper limb are potentially severe with 10% being fractures or amputations. 6, 7 A decrease in the rate of total occupational accidents does not necessarily reflect an improved level of safety at work. The actual risk varies significantly between different types of industries and their nature of work. 7 This descriptive study aimed to review the incidence rate of severe crushing injuries (leading to amputation of digits, hands or forearms) admitted to a regional hospital within a period of 32 months. Patients' demographics as well as their clinical outcomes were also examined.
Methods
This was a retrospective study. Patients attending the emergency department of a regional hospital during the period of January 2003 to August 2005 because of occupational crushing injuries leading to amputation of fingers, thumbs, hands, or forearms and admitted to the hospital were included. The hospital served a population of 1.5 millions with facilities comparable to a level one trauma centre in the United States of America. Eligible patients were sorted out from the Clinical Data Analysis & Reporting System (CDARS), which is a computerised inter-hospital data retrieval system of the Hospital Authority of Hong Kong. We searched for the diagnoses of traumatic amputation (ICD9 coding S58), crushing injury, wrist and hand (ICD9 coding S67), and traumatic amputation, wrist & hand (ICD9 coding S6) under the categories of principal and secondary diagnoses. Patients with injury types other than crushing were excluded.
Crushing injury was defined as traumatic injury to a body part that was crushed, squeezed, or put under pressure between two objects. A work-related injury case was defined as any injury incurred by a full-time or part-time salary worker, a self employed worker, an unpaid worker, while doing work for remuneration, arriving at or leaving from work, or during transportation between locations as part of the job. Emergency department visits due to work-related injury were identified by reviewing the mode of injury checkboxes as well as the narrative description of mode of injury documented on the medical records. Those who had other modes of injuries were excluded.
Patients' demographics and clinical information were retrieved from the electronic hospital records via the hospital computer system. The age, sex, occupation, and past medical history were retrieved. The nature of injury, the crushing objects, and the level of amputation were recorded. The clinical courses of the patients were examined by studying the computer records, including discharge summaries, operation records, outpatient consultation notes and sick leave records. The clinical outcome within a 9-month follow up period was analysed by studying several parameters, including the need for emergency operations, the length of hospital stay, the duration of sick leave, and the change of employment status including job restriction and transfer. Restricted work occurred when the employees were kept from performing one or more of the routine functions of his or her job, or from working the full span of time that he or she would otherwise have been scheduled to work.
Results
Within the study period, 88 work-related crushing injuries resulting in digit, hand or forearm amputations were admitted for treatment via our emergency department. The male to female ratio was 4.5 to 1. The trend of occurrence during the study period was shown in Figure 1 . The age of the injured workers ranged from 19 to 81 years old with 97% of the workers being less than 60 years of age and 50% being less than 40 years of age ( Figure 2 ). The age of male patients ranged from 19 to 81 years with a mean of 41 while females had an age range of 23 to 59 years with a mean of 41 also. Although the age range of males had a broader spread, the mean age of both sexes were similar.
Most of our patients were healthy workers with 93% of them free from any chronic medical illness and not on any long-term medication. The remaining 7% suffered from 1 to 2 chronic illnesses only. Concerning their job nature, the largest group of workers belonged to the construction industries (24%). Other high-risk industries included manufacturing (17%), transportation (14%) and services (9%) (Figure 3) .
A wide variety of crushing objects were responsible for the amputation injuries. Machineries and metallic tools used frequently by labourers were the most common inflicting objects (78%). Those objects considered as 'unexpected' such as containers, doors or falling objects made up only a small proportion (9%) (Figure 4 ). Seventy-four cases (84%) of the amputation injuries involved one or more fingers, and 11 (13%) had amputated thumbs. More detrimental injuries that involved higher level of amputation were much less frequent, with two cases at hand level and one case at forearm level ( Figure 5 ). The result was similar to the findings of another study. 8 
Clinical outcome
All of the 88 patients were admitted to the orthopaedic unit for definitive care. Eighty cases (91%) required emergency operation in the operating theatre. The operations done were debridement, open reduction and internal fixation, tendon and vessel repair, neuroplasty or revision of amputation stump. Among the eight patients not receiving emergency operations, two were illegal immigrants and were repatriated to China for further management. One patient was transferred to a private hospital for treatment on the patient's request. The other five patients had received bedside surgical procedures only. The total length of hospital stay was estimated to be 331 days for a total of 85 cases (with the two immediately repatriated illegal immigrant cases and the one transferred out case being excluded). The mean hospital stay was calculated as 4 days per patient. For the calculation of the duration of sick leave from work, one patient who was still on sick leave by the end of the study period (August 2006), one patient who was transferred to private hospital, four patients who were illegal immigrants and seven patients who defaulted follow-up were excluded. The mean duration of sick leave calculated for the remaining 75 patients was 152 days per patient. Four of the patients suffered from psychological trauma requiring psychiatric advice and follow up.
A loss of functional capability of the injured limb could be indirectly reflected by an alteration of the employment status after the injury. We grouped the outcomes of injury into four main categories: those who fully resumed duty, those who resumed duty with work restriction or job transfer, those who became unemployed, and those still on sick leave. The results are shown in Figure 6 .
Discussion
We set out to uncover the multidimensional impact of these limb-threatening injuries. The Occupational Safety and Health Division of the Labour Department of Hong Kong regularly reports on industrial or occupational injuries. However, the level of information collected was limited and lacking in details like the types of injuries, clinical outcomes or socioeconomic significance. We were informed that no specific data had been collected for crushing hand injuries upon enquiry with the Labour Department. The lack of a comprehensive surveillance system or an organised trauma registry certainly had hampered the use of epidemiological data for occupational injury prevention activities. 9 Apart from fatal injuries, the inclusion of severe injuries requiring hospitalisation in the surveillance systems would provide a broader understanding of high risk occupations and profiles of injury causation. 10 Structural study with larger scale or multi-centre participation should be done to provide a deeper insight into the problem in the future.
In this study, a possible rising trend of incidence was noted within the past 32 months. The underlying reasons could be numerous. This might be related to the increasing number of construction projects occurring within the catchment area of our hospital and therefore more cases of industrial accident would have been referred. This fitted to the phenomenon obser ved in other regions undergoing rapid urbanisation. 11 The recent economic hardship has posed a change in employment nature with increasing proportions of peon, day labourer and shift-worker who might abate the sense of occupational safety and preclude the delivery of proper safety precautions at work. 12 Multiple employments, requiring the application of dissimilar skills and performance of unusual tasks, were also potential risks. On the other hand, reduced economic activities related to the outbreak of the SARS epidemic in 2003 might account for an 'exceptionally' low rate of industrial accidents in that year and might give rise to an 'apparent' increase in accident rate in the following years of 2004 and 2005.
Eighty percent of our patients were male, as expected from the gender ratio of the workers employed in the high-risk industries. It did not verify the additional risk of male workers, as we did not know about the exact employment size of each gender. Most of the severely injured were young and healthy workers in our study, similar to situations in the US 13 and Taiwan. 14 This illustrated that the incidence of accidents was not affected by workers' physical fitness nor medical conditions, although a study suggested that cardiovascular disease was identified as a risk factor.
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This might contradict the general public perception, and attention and protection should be provided to all age groups of workers. In fact, occupational accidents causing physical disabilities to breadwinners could pose terrific financial crises for many families. The loss of young workforce, together with monetary compensation, medical and rehabilitation cost pose a heavy burden for society as a whole. The type of industry was found to be an independent risk indicator for occupational hand injuries. 16 Among the types of industries, construction was at the top of the list (though it occupied only 8.4% of the total employment in this sector in 2004), 17 followed by manufacturing and transportation. Construction site workers made up a substantial portion of our study cases; likely due to the frequent operation of various types of machineries and metallic tools. In order to alleviate such grave threats, education and legislation on occupational safety should be targeted towards this particular group of workers.
As discussed above, the majority of crushing objects were machineries presumably familiar to the operators rather than unexpected extrinsic objects, which was a common finding in many studies. 18 It signified the presence of a potential problematic operation process, which might be the result of ageing and malfunctioning hardware, less routine and rushing work patterns, 19 or a lack of guidance or supervision. Employers should be responsible for recognising and ameliorating these issues promptly. Some authors advocate that injury prevention researchers should collaborate with individuals with special training in health education to formulate work safety plans for the high risk industries. 20 Less sophisticated approaches including first aid training to improve workers' risk control behaviour, encouraging workers' participation in hazards identification and solutions development, or promotion of glove wearing could be both affordable and effective. [21] [22] [23] Although no patient died of injury in our study, the long-term morbidities could be disastrous. This was particularly true because dominant hands were more commonly injured, and work-related hand injuries were more severe than other types of hand injuries, requiring longer treatment duration with many residual disabilities. 24, 25 Over 90% of our studied patients required emergency surgical interventions and many required multiple operations. Besides, they needed to follow a long and winding course of rehabilitation including occupational therapies, modification of hand functions and familiarisation with working aids as well as adaptation to the new working environment before regaining their productivity. We have shown that only 42% of the victims could fully resume their preaccident duties, whereas the rest of them either returned to work with job transfer and restriction or join the troop of the unemployed. In our study, a lengthy duration of sick leave (mean duration 152 days) was necessary for the majority of the patients. With an addition of a mean hospital stay of 4 days, an average of 156 working days was lost per patient. Based on an average daily wage of HK$930 for a construction worker in 2004 17 (range HK$590-1,723), the total wage loss for each accident could amount to around HK$145,000. The impact on economy was definitely significant.
The idea of occupational injury as an 'accident' and 'unavoidable' should refrain from the minds of workers, employers, as well as the government. To recognise that occupational injuries are actually preventable by modifying the working environment, upgrading the workers' knowledge and ensuring their alertness to risk at work could not be less important than legislation, or any fancy campaign. After all, there should be a more efficacious injury reporting system in Hong Kong for specification of individual types of injuries, for the convenience of data collection and analysis.
Conclusion
Work-related severe crushing injuries involving amputation of the digits, hands and forearms are not uncommon and may destroy the lives of many workers as well as their families. The economic burden these injuries pose for society could be enormous. This study provides information on the characteristics of workrelated crushing injury patients, and their clinical outcomes in Hong Kong. This may be useful for the future development of effective preventive strategy.
